The emerging spread of antibiotic resistance genes (ARGs) and their subsequent acquisition 21 by clinically relevant microorganisms is a serious threat to human health. The widespread 22 heavy metal contamination is assumed to contribute to the proliferation of ARGs due to their 23 shared mechanisms of resistance, however, our knowledge of the heavy metal-induced 24 changes in antibiotic resistance is lacking in a long-term basis. This study provided 
Introduction different treatments in the red soil in both years, and no clear tendency of the MGE patterns 155 was observed along the gradient of Cu concentrations (Fig. 1a) . By contrast, the numbers of
156
MGEs detected in the fluvo-aquic soil tended to increase along the increasing Cu
Impacts of Cu contamination on the overall patterns of ARGs

180
The relative abundances of ARGs along the gradient of Cu contamination were further 181 explored at a higher resolution level for individual ARG types in heat maps based on the 182 results of the HT-QPCR array (Fig. 3) . All soil samples (columns in heat maps) could be 183 broadly separated into three clusters for both soils: low (dominated by control and Cu50), (ARG subtypes) and 307 edges, and could be clearly separated into seven modules (Fig. 4a) .
204
The most densely connected node in each module was defined as 'hub', for example, the 205 'matA-mel' and 'acrA-01' encoding multidrug resistance were the hubs for modules I and II, 206 respectively, and it has been suggested that hubs could act as ARG indicators to represent the 207 quantity of other co-occurring ARGs in the same module (Li et al., 2015a) . microbial taxa (at the phylum level) were also explored using network analysis (Fig. 4b) ARGs in both soils (Fig. 5) . SEM is an a priori approach offering the ability to separate 234 multiple pathways of influence and view them as a system, and is useful to explore the 235 complex networks of relationships found in ecosystems (Eisenhauer et al., 2015) . Our SEMs 236 explained 49% and 24% of the variance found in the patterns of ARGs in the red and fluvo-237 aquic soil, respectively. In the red soil (Fig. 5a ), Cu contamination was found to have denoted as Control, Cu50, Cu100, Cu200, Cu400 and Cu800, respectively) were established 379 in four randomized replicate plots for both sites. In each site, copper chloride powders were 380 thoroughly mixed with surface soils taken from the field and then applied back to the plots.
381
Copper concentrations used in this study are representative of those found in a wide range of Values showed in this table are the R-value exported from the Spearman correlation analysis, followed by the P-value in the brackets. The bold numbers indicate significant correlations (P < 0.05). Accepted version
